Best Available Copy
|

- J
Plistocepies of shie report may be purchased from:

PROTODUPLICATION SERVICE
LIBRARY OF CONGRESS

e JPRS: 4041
% MAIN FILE 15 September 1960
NN
PROSPECTS OF UTILIZING DIRECT-CURRENT
. TRANSMISSION IN THE USSR
¢ .
; By Ye. Sa.GrSys
ettt
bbb Uiean
DISTRIBUTION STATEMENT A
Approved for Public Release : 3 |
. Distribution Unlimited | |
| 20000712 163
Reproduced From |

WASHINGTON 28, D.C,

Ll B R l © R TR W P AP Ip Y B R s wmcwwﬂmww;mmm;wanr-“usﬂgm,:mwl&q W 2ok O NG D T S €0 N W CN e e

U,5. JOINT PUBLICATIONS RESEARCH SERVICE
20% EAST 42nd STREET, SUITE 300
NEW YORK 17, N. Y.

DIIC QUALITY INGPHCTED 4




- o o i
' ' ) JPRS: 4041
CS0: 1038/b-5

PROSPECTS OF UTILIZING DIRECT-CURRENT
TRANSMISSION TN THE USSR

[Foliowing is a translation of the article "Perspekiivy
primeneniya elsktroperedach postoyannogo toka v S3SRY
(Bnglisk version above) by Ye. S. Groys in Elektriches-.
tvo (Electrieity), No 7, Moscow, July 1960, pages 85-89.]

On 26-28 Jarmary 1960 a scientific and technical conference
took place in Leningrad, which was devoted to the prospects of util-
izing high-tengion direct-current transmissions in the USSR. The
conference was organized by the Scientific Technical Sociely of the
Power Industry and other interested organizations. Representatives

- of scientifiec research and design institutes; of electrical equip-
ment plants; and of plamning, construction, and other organizations
participated in the conference, '

The report "Technical Characteristics of Direct-Current Irans-
missiens,® by L. R. Beyman of the Power engineering Institute of the
Academy of Sclences USSR, and A. V, Posse and N. I. Shchedrin of the
Setentific Research Institute of Direct Current, pointed out the basie
tachnical properties, possibilities, and characteristics of this
new type of eslectric transmlission.

Birect-current transmission through open-wire cireuits in the
USSR mist be utilized zbove all in those cases where it is necessary
to transmit large amounts of energy over guite long distances. Direct-
current transmissions with a current-carrying capacity of 3,000-4,000
milliwatts (single circuit) can be built to accomodate the level of
electric ‘power capacity which the Soviet Union will reach approx-
imately by the year 1370.

Direct-current transmission has an advantage over alternating-
current transmission inasmuch as’an increase in the length of the
line doas not limit its current-carrying capacity, nor necessitate
inclusion of additional compensating devices. The former offer betler
possibilities, in comparison with alternating-current transmissions,

Fa regulate the magnitude and direction of energy flow. Quelik actinﬁi

-




'

1

‘regulation of directwcurrent transmissions can be effectively util-
1ze8€ for influencing transitional processes in the adjoining sys.
tems for the purpose of increasing their stability and enlarging
current-carrying capacity of adjacent distant transmissions of 3-
phase current., ; ’

Direct-current transmissions may be achieved with intermed-
jate substations or without them; they can alsce be monopolar or bi-
polar. In the latter case, the mid points of converting substations

-are grounded, and transmission is subdivided into two semi-circuits —
capable of independent performance.  The possibility of rapid elimin-
ation of breakdowns through grid control and accomplishment of effec-
tive aubomatic reclosing, also the possibility of independent funce
tioning of semi-clircuit ensures operational dependability of dirsei-
current transmissions. Openewire circuits for direct-carrent trans-
mission require, in comparison with those of alternating current,
lesser quantities of nonferrous metals and have lower losses of
enerey.

When transmitiing under water, for instance, from mainland
to 2n island, and in bringing deeply laid higheteusion feeds inte
large citles, or in some other instances, it is feasible to use direct-
current transmissions through submarine cables of relatively small
length and current-carrying capaclty.

S. . Rokotyan (Teploelektroproyekt), in his report "Economic
Comparison of High-Powered Long-Distance Transmissions by Means of
High-Tension Direet and Alternating Currents® gives data pertaining
to the economically feasible fields of directwcurrent transmission,
which dats were obbtained through experimental work conducted by
Teploslekiroproyekt, with participation by the Sclentific Research
Institute of Direct Current. Direct-current transmissions have econ=-
omic advantages when the following power capacities are transmitied
over the line lengths given:

Transmitted , . Length of lines, in Kilometers
Power Capacity Without Intermediate With Two Intermediate
in Milliwatts Substations Substations
530 More than 1,200 M.re than 1,500
750 o " 1,000 L "3,500
2,000 # " 800 i 1,300
3,000-4,000 " n 800 " % 1,000

The speaker pointed out the considerable sconomic advantage
vhich can be produced by direct-current transmissions of extremely
high powsr capacities (6,000-8,000 milliwatts) and distances (2,000~
2,500 kilometers).

V. V. BOLOTOV (Power Engineering Institute, Academy of Sciences]
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IU’SSR), in his report ®Inter-System Effect as a Factor Tmproving tT
Economice Coefficients of Distant Inter-System Direct-Current Trans-

. missions," proved the importance of inclusion of inter-system effect
when comparing various types of energy transportation. In the par-
tioular instance of electric transmissions wilh a power capacity of
4,000 milliwatts betwesn Pavliodar and Sverdlovsk, shd Nazarovoe and
Sverdlovsk, he demonstrated that tsking into account the inter-system
effect may lower unit estimated costs of transmission of 1 kilowati

~hour by 30-50%. The load of direct-current transmissions is not
limited by conditions of stability, therefore, in comparison Bith
3.phase transmission, they are more efficient in achieving inter-
systen effect, D

‘The report ®Electric Transmission of Direct Current of 800
kilovolts from the Stalingrad GES to the Donbass,® by Ye. A. Arkhan-
geltskiy (Gidroproyekt), Ye. S. Groys (Scientifie Research Institute
of Direet Current) and V. Ye. Turetskiy (Teploelektroproyekt), gives
technical characteristics pertaining to the first high-powered direct-
current transmission. The current-carrying capacity of the trans-
mission - 750 milliwatts (leng-run overload up to 900 milliwatts is
permissible), nominal voltage 800 kilovolts (+ 400 kilovolts relative
to grounding), length of the open wire 473 kilometers, 2 wires ASO-
%30 with 93.5% efficiency under nominal power capacity of transmission.

¢ transmission system consists of two semi-cireulits. Bach sube

station has 8 converting bridges connected in series with type VP9
mercury rectifiers designed by the All-Union Electrotechnical Insti-
tute.

L

The coreport by F. I. BUTAYEV (All-Union Electrotechnical
Institute) was devoted to the construction of mercury rectifiers
with a power capaeity of 30~40 milliwatis per unit for future elec-
tric transmissions. In solving this particular problem, an interest-
ing point is presented: the possibility of increasing bhe current flow
to a single anode by means of intensive heat absorbtion from the
rectifierts electrode, employing a cooling liquid or gas, and also
inereasing the voltage of the bridge by connecting two rectifiers
in series.

Ye, A. Man'kin (Moscow Transformer Plant), in his report out-
lined possible ways of designing transportable transformers having
2 czpacity of 240 millivoltamperes in phase with three windings: gen=
erator voltage winding, winding carrying 500 kilovelts of alternating-
eurrent, and winding comnected with bridges and performing under
constant voltage relative to ground, approximately equal to 700 kilo-
volts. ) -

Technical and Economic Indexes of Direct~Current Transmisslion.
T. M. Markovich expressed a few criticisms with reference to the
methods cutlined in Rokot'yan's report, confirming, however, the
; latter's deductions in commection with the economlic advantages !
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in certﬂln faejds of direct-current
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exarple, Si‘ﬂ?;&»ﬁf&ls, conld be feasibly conztru

guarrent,

Ve Sq ydonil reporied that ac
the Power Hnglunesring Institute of Tng Acadeny
with trensmitbed powsr cavacily up to 500 m}lki
transmissions are more economical at a dwuuanf
¥ilometers, whereas for a distance of 500.800 k
2,600 millwatts 1o feasible,

. M. KEL?wunﬁJ referring
’S&T%hwu"
i X bi@ begins at . :

M. V. Fb TD&T& and T. F. Pa?ovwv bﬂ»ﬂ& + by
ssumption that distant elechtric transmissions should not only
ion as o transporting agent for the electrie eneryy, but also

& an exchange of energies belween the byqtemu, i.e., they should
nstracted with powerful intermediate substatic Under this
g ion, the ratio of tsclmical and sconomi s may substan-
tizlly change in favor of slternating-current trausmisszonae

¥, M. &kodis, V. V. Burpgsdorf, and I. F. Polevey exprassed

their doubts as to the correctness of the comparison betuween the
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technical and economic indexes of electric tramsmission for DO of
+700 kilovelts and AC of 700 kilovolis. In electric transmissions
of this type, the extent of insulation is not determined by an overw
voltage, but by & working veltage in relation to ground, which is

considerably higher in DC transmission.
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¥, V. Sncherbakev and D. Ye. Trofimenke proposed that in suc
ere it 1s nesecessary to transmit the energy over a distance
wimately 2,500 kilometers, to compare not only DG eleotrio
zions and ordLnavv AC transmissions, but alse tunsd AC

Aw Q Posse stated 1n conclusion that should cne .consider

only working voltage in selecting insulation, then .- a5 ral euiations
done in Teploelekir Qprmﬁckt and the Scientifiec Research Institute of
Direot Current indicate, the economic advantages of the DO open-wire
transmissions are totally retained.

The conference p¢05ﬁd a resclubion concenring the testnical
and econcmic indexes of DC transmidsions and noted that 25 regards
them, ouite considerable increasss in length does not in practics
1imit the power-carrying capacity, nor does it reguire additional

S
boosting ée¥¢ces to increase the latter. ﬁup to the high power-
reyving capacities of DO transmisszions, they can ivdnam;t larger

, g

awounts f energy with lesser, if c&mparad with AC, rumber of lines,
UG transmissions bacome more orofitable than AC when the line is of
£c@m51aerdu1e length and high power capacities are involved, becauss
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then the advantages gained in the lowsr cost of the linme znd in rT
elimination of additional devices for inecreasing the power-carrying
capacity offzets the cost of transforming the energy.

The resolution inecluded the following technical and economie
indexes of the Yenisey-Urals two-scircuit transmission, 2,400 kileo-
meters, with twe intermediate substations tranmemitiing 4,800 milli-
watts and 28.8 billion kilowstit hours of energy per year (indexes are
obtained as a result of project work performed in Teploelekiroprouekt
and the Scientific Research institute of Direet Current.

Transmission Transmisasion
of DC - 1400  of AC
Kilovolts (+ - 700 Kilovoltis
700 Kilovolts)

Unit capital,exgénditur&s, »
in rubles/kilowatt o heg 816

Annual losses of energy and
transmission in millions of : .
kilowatt hours 2,470 3,056

Cost price of énergy trans.:
mission in kopecks/kilowati
hour _ : 0.39 : 0.61

These indexes indicate that in this particular case DC
transmissions are 1.2-1.7 times more profitable than AC frans-
rissions. A

The confersnce also indicated the technical and sconomic
advantages of IC cable lines. Under constant woltage the cable
insulation allows for higher gratients, 5-6 times more than with AC
cables, Therefore, the DC cable lines are considerably cheaper than
thoss of AC of the same current-carrying capacity. Design work
carried oul indicates that the utilization of DC becomes economically
feasible with a cable line length exceeding 7-10 kilomelers.

Prospecte and Spheres of Application of DC BElectric Trans-
missions in the USSR. S. 5. Rokotyan stated that in order to cover
the expected energy deficit in 19701975 in the Urals, amounting
to 50 billion kilowatt hours per year, it would be expedient to
conshruct electric dransmission using DC with a power capacity of
approximately 8,000 milliwatts from power plants utilizing the
cheap coal of the Kansko-Atchinskiy Basin (Céntral Siberia). Con-
struction of this system would solve the problem of achleving the
Unified Power System ofthe USS5R. At the level which our power cap-
aéity will attain by 1975, the above solution will sffect a savings
BT 4,000 milliwatts in established power capacity at the expense of =~

.- 5 .




lcombining load and reserve graphs only. ) R
DC transmission is being planned for 1975 from the Nizhne-

Gbskaya CES to the central and northwestern regions of European

ol d ha%e epnrnx1mauvlv the sare power cabaeliity and

211y transait 30 billieon kil a"ﬂ nours.

ansx;v dwellt en the necesatty of complex planning of
of the productive forces in the country. With
nacessity of comstructing electric transmlssions
FOO kilemeters would be eliwiﬂa%em. ha
smikenyvants remarked that the cuestion of efficlent
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distant aicctric transmissions ramm@* he considered apart from the
provlems of the entive electrification of the country.

1. A, Syrovvatnikov ﬂtraﬁsef the fact that the most raticnsl
method of supplving energy to warious reglons is selectlon based on
tacshindeal and economic caleulations. Fhe methnod of such caloulstions

should be standardized, and should alsc, within reason, consider ali
he fac Lnrs influencing the economic indexes of the alternates com-
d, including freezing of the funds for the duration of cons stroos-
on, caﬁiﬁal investiments in the aﬂgacenﬁ regions, gradual loading
" the projects under construction, inter-system effect in the conste
whtion of distant electric transmissions, ete.
VY. I. Popkov indicated that the 9@0@“&?&1&&1 and historical
neculiarities of our country, where 859 of the power resources are
leuaupd in the East and 75% of the consumers in the West, make it
imperative to uvtilize distant electric itransmlssions and, in partici-
ilar, verv economical DU transmissions. Distant transmissions cannot
be compared or related to the electrification of the en i? country.

In the complex of these measures, they are onhe of the mos important
and effective steps.

M, M. Albegov and K. P. Kislov peinted out that distant DC
elentric transmicgions having stqﬁ billion killowatt howr per yesar

current-carrying capecity per circull appear to be the most profit-
able, if peircleum plpellne‘ are not considered as a type of energy
trancport and the best means of achieving powerful comnections between
large enerpy systens,

A. M. Zalesskiy stressed the importance of distant DC transe
mlssione in the rationsl economy, namw}y in supplying energy to the
Fral ﬂd central industrial district of the USSR, which do not possess
919??” rﬁfau*ce of their own.

. . Krachkovskly reported that, in his opinien, the prospsc-
ive courses of transmitting the energy are Siberia-Urals, Dorbass-
aling “mdqubCGW‘(ht¢1¢?ibﬁ reconstrnﬂt@d AC trqnammsQ1on of 50
lovoits from Stalingrad to Moscow) and StalingradeKotlas-leningrad.

A. N, FILIVMONOV proposed for discussion the question of exped-
iency of oohﬁtvLctznﬂ in 19751980 DC transmissions from the Nizhne~
3Ienokaya GES to Central Siberia.
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l During the conference, the expediency of transmitting DC ”1
current from the Nurekskaya GES to Tashkent (N, N, Krachkovskiy), and

" from the southern part of Kirgizia to the area of the city of Frunze
{V. 3. Iagovoy) was pointed ent. It was alse pointed out that in some
1eniated cases it is expedient to utilize DO transmission over long
distances, but with small power capacities, for instdnce, in the
northern regions of the country or when it is necessary to use cable
lines. ' _

- Chisng-yun reported that in working out the Unified Power
System of China, the giestion of utilizing powerful UC transmissions
with intermediste substations is being considered.

_ T its pesolution, the conference indicated that the problen
of practical achievement of distant DC transmissions assumes actual
significance for-the rapid progress of Soviet elactric.power develop-
ment. :

DC transmissions of super-high veltage should be wtilized for

transporting large amounits of électric power over long distances and

as powerful connections belween large power systems. Distant eledtric

tranamission should be economically sound in each particular cass, and

ghould be comparable to power plants using local fuel or that brought
over long distances, those using gas or petroleum carried in pipelines,
or to atomic power stations: : -

The conference considered it necessary to recommend to the
State Planning Committee USSR that it consider the high technical and
sconomic indexes of distant DC transmissions in working out the pros-
pective plan for electrification of the national economy of the USSR
for 1520 years . The most prospective, in this respsct, would be
the utilization of DC elestric transmissions between Central Sigeria
and the Urals, and fromthe Nizhne-Obskaya GES to the center. HMore=
over, it is expedient to use DC for cable lines when it is necessary
to cross water expanses, as well as for open-wire cireuits of compar-
atively long length {(hundreds of kilometers) and small transmitied
power capacity (tens of mepawatts).

Teohnical Characteristics of DC Eleetric Transmissions. The
level of technical progress attained by the USSE with respect to DO
electric transmissions is characterized by the expsrimental work
conducted in connection with the design of the electiic transmlssion
between Stalingrad and the Donbass and its assoclated equipment,

f. &. Shipulina, G, 4, Eukekov, and I. M. Kiyenys informed
the conference of the work performed by the Scientifile Research
“ngtitute ‘of Direct Current, the Leningrad Polytechnical Imstitute,
andthe Power Engineering Institute of the Academy of Seiences USSR
desling with the solution of the problem of creating DC electric trans-
mhssions with intermediate substations, with respect to study of the
conditions and control system, as well as of design of the cut-off
|device. - The model of the cut-off device, manufactured with particip= |

o
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pparat plant, was dasigned for 200 kilovoltis *7
on ihe electric transmission beiween Hashir-
i to be satisfactory and is at present
& B00Wkilovalt cuteol
lectric tra

stad on the &
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- onference of the cable designed
for 40O kiiﬁzoiis, i Snrrvcn&nk:a snolce of deﬁxgx ang testing
iyl CGON ﬁactnﬁn m he are rectifiers of small power capacity, —
with %elaw*v . ic anﬂg and longér 1ife of the main electrodes.,

se* ene for redusin

&
]
et

the current of
1t £

in the rectifisrs by meacs of switching
L. V. Yemel'yznov spoke on the scheme

s-parallel comnection of the rectifiers. V. . Reya
. of compensating transformer substatlions for their
vy means of a c¢pa¢;ﬁ@r bamk, Se P Glinternik spoke

n utile
izing regulation of IC electric transmie ion in order to increazss the
Stabilit“ of *ﬁjacan* AC transmission.

Stalingredsksya GES-Dopbass DG Electric Transmission. Confer-
ence members, xﬂCLHdlﬁE X+ M. Ucbaﬁavlﬁ, Ve V. Bupanzin, N, P. Stepanev,
G. B, Ogulinik, am& ?96 ¥, Zarasik, stressed the importance of the
timely start of construction of the Steling radskaya CES-Dorbass elecw
tric trensmisz an, ané introduced several nrcwoaﬂls te zcesisrate the
conSifhiﬁlﬁﬁ snd  the manufacture of associated equipment.

in its resolution peinted out that the reslinge

A
t pradakave '«wﬁDDQG&“” electric tra:,,ﬁ
T - the world of DU of on&mde c
{ , with open-wire circults of 800 k
& er in high-tension DC transmi Dﬂs =z Th
% s3icon into use would provide the valuable experience
sign superepovered I éi”ﬁ rie trensmissions of step
u experimentation with equipment of higher paramelers.
ulﬁngrzésk NE GkanJanbMus DG electric transmission, avart
smental value, has very impertant industrial significance.
s transmission the powerful 17ﬁuingdpyl sonnection
d in the Unified Powar System of the Buropean part of
he conference recommended *‘at construction be speeded up and
that wtiliszetion of the Stalingradsk ya GES.Dorbass transmission be
started, hat the e sxpe jence gained can be utilized in the solution
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nnested with converted n&ghwvaltaga engineering.

of many problems co

59 entific Research in DC Electric Transuisszions. L. R, Ney-
mon charscterized further problems in scientifie researeh Cﬁﬁnéﬁuud
with DO transmissions. 1h@ first provlem consists of conducting DY =
sleal investigation and design work on mercury “e vtifiers of n*gn
powsr capacity. Research along this line should benefit by the reaulis
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previcusly obtained by experiments with semiconductors. The fol-
lowing ilems should he trested as important ones: forked ¢irculis,
improvensnt of ponrerter circuits, and qouestions relating to cone
sugal performance of DO and AL transmissions. :

During the conference, atbention was divected to the necess-
sty of studying the conditlons infiuencing the soiling of insulation
ender permanent voltage (V . V. Burgsdorf), and experimentation
with a new type of insulation having properties suitable to job
requirements under contaminating and zoist conditions (M. M. Akedis).-
A. L. Vayner recommended explering the nossipilities of utilizing
‘deep grounding for operational gr@nnding of IC transsissicns.

L. A. Sera pointed out that the problem of high-power con-
votters may be solved not enly by ineressing the power ecapacily of
a single rectifier, btut by utilizing & greater rumber of comparatively
small-power-cancality rectifiers, simple in design and dependable in
service, As an example he referred to the nonwsectional DC rectl-
fiovs worked out by the Scientific Ressarch Institule.

. §. Klimov and M. M. Chervonenkss propesed contimuing the
work in the field of arc ractifiers which, under certain conditions,
may be utilized. : '

Tn its resclution, the confersnce indicated that the most
important probien would be to continve further experimentation and
jmprovement of high-voltage rectifiers. These experiments are cone
nected with profeund physical studies of the processes toking place
in rectifiers and with design of new types. The basic thought of
research should ge along the line of furthering the dependability of
roctifiers, and increasing nomwinal current to 3,000 amperes and
nemingl voltaze to 200 kilevolts. :

The work of improving high-voliage, jenic rectifiers should
have as 1ts goal reduetion in eost of converter substatlons and
siwplification of their servieing. In this cennectlon, the important
factor would be the construction of rectifiers controlled by light
or radic signals, suiiable for cutdoor installation, and not require
ing constant evacvation and feeding of cooling liguid te a high
potential. : « '

Tvore should be research experimentation with the alm of
cresting distinctively new types of rectifiers, for instance, semi-
condiuctors suitable to function in powerful high-voltage converters.

Another important scientific and technical problem appears te
be in working out and building dependable and economical eireuit
cuteof? switches for DO, permithting derived cireniis, working on
nominal eurrent of 500.1,000 amperes and a voltaze of +700 kilo-
volis, 1o be -

For creating DU transmissions of a higher volbage category.
Purther research is necessary, The latter should be connected with
interior and exﬁgriar»insnlatiOﬁ of transformers and devices, chain
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i' ulatarﬂ {especially in contaminating conditions), and cable and
capacitor insulation.
The subsbantial odvqn ages of DC cable lines over AC lénee

re~ui“ﬂ exparirentation an fﬁf*zrch in order to reduce the cos

ghevoltage DC cable lines,. this eonnection, the confers
deﬁ ded to study the pos »1b111tv of experimenting with a portion of
the Stalingradskaya Ghumbanndqs?ine by utilizing & cable line with a
DC capacity of 200 kilovolts. =
— . Work should conbtinue in connection with improving the deper-
dability of converters, especxaljy'mulﬁtmbrmdge converters, group
wnnection of rectifiers, and antomatic devices ensuring dependabil.
i

hm

:)_v

c

]

ty of convarfpru, as well as research into the possibility of &
cnja a,& functioning of electric transmissions of UC witn those of
The fiow of high-power DC in the ground is another important
em on the agenda,

Tt is further necessa ry to develop transformer equipment &nd
aratus of maximum posszible power capacity.
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